Myosin VI contains an inserted sequence that is unique among myosin superfamily members and has been suggested to be a determinant of the reverse directionality and unusual motility of the motor. It is thought that each head of a two-headed myosin VI molecule binds one calmodulin (CaM) by means of a single ''IQ motif''. Using truncations of the myosin VI protein and electrospray ionization(ESI)-MS, we demonstrate that in fact each myosin VI head binds two CaMs. One CaM binds to a conventional IQ motif either with or without calcium and likely plays a regulatory role when calcium binds to its N-terminal lobe. The second CaM binds to a unique insertion between the converter region and IQ motif. This unusual CaM-binding site normally binds CaM with four Ca 2؉ and can bind only if the C-terminal lobe of CaM is occupied by calcium. Regions of the MD outside of the insert peptide contribute to the Ca 2؉ -CaM binding, as truncations that eliminate elements of the MD alter CaM binding and allow calcium dissociation. We suggest that the Ca 2؉ -CaM bound to the unique insert represents a structural CaM, and not a calcium sensor or regulatory component of the motor. This structure is likely an integral part of the myosin VI ''converter'' region and repositions the myosin VI ''lever arm'' to allow reverse direction (minus-end) motility on actin.
M
yosin VI was the first myosin demonstrated to move toward the pointed (minus) end of an actin filament (1) . This discovery was based on the hypothesis that reverse direction would require a redesign of the domain of myosin, known as the converter, that rotates on changes in the state of the nucleotide binding pocket and actin-myosin interface. The converter is attached directly to what is known as the myosin ''lever arm,'' which is made up of a variable number of ''IQ motifs'' that are binding sites for calmodulin (CaM) or specialized myosin light chains (2) . This lever arm effectively amplifies the movements of the converter, and thus the step size of most myosins is thought to be a function of lever arm length (3) (4) (5) . Myosin VI contains a unique insertion between the converter and its single IQ motif (6) . Cryo-electron microscopy revealed that the myosin VI lever arm points toward the pointed (minus) end of the actin filament, and motility assays showed that the motor moves toward the minus end of the actin filament (1) . Based on this finding, it was suggested that this unique insert is involved in altering the converter to reposition the lever arm.
Since the lever arm region of each head of the myosin VI dimer consists of a single IQ motif, it has been assumed that the lever arm contains one CaM. Because, for both myosin II and myosin V, the length of the lever arm has been shown to correspond to the step size associated with a single ATPase cycle (5, 7, 8) , myosin VI would be expected to have a small (Ϸ5 nm) step size. However, single molecule experiments with optical tweezers revealed that myosin VI has a broad distribution of step sizes centered on 30 nm (9) , which is not consistent with a simple lever arm as defined by the number of IQ motifs. Thus, to understand the mechanism of directionality and large step size of myosin VI, further characterization of the structures flanking the IQ motif is necessary.
We began to address this problem by first truncating the myosin VI molecule to produce a molecule with the motor domain (MD) (including the converter) and insert, but with the IQ motif removed. Surprisingly, CaM bound to this construct. We then used electrospray ionization (ESI)-MS to determine the true CaM and calcium stoichiometry of various myosin VI fragments in the presence of either EGTA or high Ca 2ϩ concentrations. We then further characterized Ca 2ϩ -CaM binding using fluorescence of intrinsic tryptophans (trp) within the insert and IQ motif peptides.
Experimental Procedures
Myosin VI Expression and Purification. To create a series of singleheaded myosin VI constructs, porcine myosin VI WT cDNA (6) was truncated either immediately after the converter (Asp-773; MD), after the unique insert (Ala-816; MD plus insert), after the IQ motif (at Gly-839; M6-S1), or before the beginning of the high probability coiled coil region (Lys-917; M6-long S1). Additional constructs that begin with the myosin VI converter (Pro-706) and end either after the insert (Ala-816; converter plus insert) or after the IQ motif (Gly-839; converter plus insert plus IQ) were also produced. For each construct, a Flag tag (encoding GDYKDDDDK) was inserted at the N terminus (MD, MD plus insert, and converter plus insert) or the C terminus (M6-S1, M6-long S1, and converter plus insert plus IQ) to facilitate purification (10) . A schematic summary of all constructs is shown in Fig. 1 .
Expression of the recombinant single-headed fragments of myosin VI was accomplished by means of infection of SF9 insect cells with a viral expression vector (baculovirus) capable of driving high-level expression of foreign proteins. The SF9 cells were coinfected with recombinant virus expressing the myosin VI heavy chain (HC) and a recombinant virus expressing either CaM or calcium-binding mutants of CaM (below). Details of the protein expression and purification have been published (1, 11) .
CaM and CaM Mutants. The generation of CaM mutants with either the N-or C-terminal calcium-binding sites eliminated has been described (12) . Calcium binding is abolished by mutation of the C-terminal lobe of chicken CaM (E104A and E140A), or the N-terminal lobe of CaM (E31A and E67A). The mutant cDNA constructs were then inserted into viral expression vectors for cotransfection with the myosin VI constructs or into bacterial expression vectors for coexpression with a construct containing the myosin VI converter plus insert or converter plus insert plus IQ. For peptide-binding experiments, bacterial expressed CaM and mutants were made Ca 2ϩ -free by incubating with 10 mM EGTA and then loading them onto a Superdex 200 Prep Grade Gel Filtration column (Pharmacia Biotech) equilibrated with the buffer 50 mM Mops (pH 7), 100 mM KCl, 2 mM EGTA, and 1 mM DTT.
Peptides. Peptides corresponding to the unique insert or IQ motif of pig myosin VI were synthesized by the protein analysis core of the Boston Biomedical Research Institute and were endprotected by N-terminal acetylation and C-terminal amidation. The insert peptide (Ac-KRVNHWLICSRWKKVQWCSLS-VIKLKNKI-NH 2 ) had three trps whereas the IQ peptide (Ac-KYRAEACIKMQKTIRMWLCKRRHKPRID-NH 2 ) had only one.
ESI-MS.
Before MS analysis, the samples were desalted on nanosep 3Komega microconcentrators (Pall) in 50 mM ammonium acetate (pH 7). Eight dilution͞concentration steps were performed at 4°C and 10,000 g͞min. Ammonium acetate enables native structures of proteins to be preserved and is compatible with ESI-MS analysis. ESI-MS measurements were performed either on an ESI-time-of-flight (TOF) (LCT, Micromass, Altrincham, U.K.) or on a ESI-quadrupole (Q)-TOF (Q-TOF II, Micromass) mass spectrometers. Both instruments were fitted with standard Z-spray source and have extended mass range of 42,000 m͞z for the LCT and 25,000 m͞z for the Q-TOF II. In the case of the hybrid Q-TOF instrument, mass spectra were recorded at the exit of the TOF analyzer by using the first quadrupole in the ''rf-only'' mode. Calibration was performed in the positive ion mode by using horse heart myoglobin. Purity of samples was first estimated by mass analysis in denaturing conditions: samples were diluted to 2 pmol͞l in a 1:1 water: acetonitrile mixture (vol͞vol) acidified with 1% formic acid. In these conditions the noncovalent interactions are disrupted, which allows the measurement of the molecular weight of each species with high precision (better than 0.01%).
For analysis in native conditions, samples were diluted to 10 pmol͞l in 50 mM ammonium acetate buffer. Great care was exercised to ensure that the noncovalent interactions survive the ionization͞desorption process. In particular, atmospheric pressure͞vacuum interface parameters were optimized to obtain the best sensitivity and spectrum quality without affecting the stability of the noncovalent complexes. The accelerating voltage applied on the sample cone ranged from 30 to 200 V, and both source and desolvation temperatures were 80°C. For the various myosin VI preparations, several ESI-MS and collision-induced dissociation MS experiments were performed. and EGTA curves, respectively, by using excitation ϭ 295 nm. Fluorescence changes produced by CaM binding to the myosin VI peptides were fit to Eq. 1, Fig. 1 . Schematic diagrams of the constructs used in this study. These diagrams of myosin VI reflect our current findings. The insert adjacent to the converter is depicted with a CaM and four Ca 2ϩ bound to it (yellow dots). The CaM bound to the IQ motif is depicted as being in the apo form, and followed by a region of unknown structure, which is in turn followed by the coiled coil and globular targeting domain. Three major structural states have been depicted for the CaM lobes. When Ca 2ϩ is bound, the N-and C-lobe of CaM adopt the open conformation. In the apo-form, the N-and C-lobe adopt a closed and semiopen conformation, respectively (20) .
where F is the trp fluorescence intensity, ␣ is a scaling factor for converting concentration to fluorescence intensity, [P] is the calculated concentration of myosin VI peptide, [CaM] is CaM concentration, and K d is the dissociation constant for construct binding to CaM. In the absence of cooperativity, and with 1:1 peptide:CaM binding stoichiometry, [P] is equal to the measured peptide concentration. In contrast, a 1:2 peptide:CaM stoichiometry would be reflected in a value of [P] that is half the actual peptide concentration.
Results
Binding of CaM to Myosin VI-S1. As shown in Fig. 2A , myosin VI containing both the insert and IQ motif (M6-S1), or the construct that deletes the IQ motif but retains the insert (MD plus insert), can bind CaM. Removal of both the insert and IQ motif (MD) abolishes all CaM binding. To ascertain the subunit composition of the different constructs, we used ESI-MS, which has emerged as a powerful tool for the investigation of supramolecular complexes (14, 15) . Moreover, recent studies showed the potential of MS for the studies of CaM-peptide complexes and CaM-calcium interaction (16) . For each of these myosin VI constructs, this technique allowed us to determine not only the CaM stoichiometry, but also the stoichiometry of the calcium A magnified view of the CaM-containing region of a gel of purified myosin VI-S1 (M6-S1) complexes that were produced by HC coexpression with either N-terminal mutant (E31A; E67A) CaM, C-terminal mutant CaM (E104A; E140A), or WT chicken CaM. In the presence of EGTA, all CaM species migrated similarly. In the presence of Ca 2ϩ , the WT CaM migrates faster than either mutant. This result demonstrates that both the insert and IQ of the M6-S1 can bind the N-terminal mutant CaM, but the C-terminal mutant CaM can bind only to one of the two CaM-binding sites. In the case of expression of the C-terminal mutant, the WT CaM bound to the M6-S1 is cellular CaM from the SF9 cells, and not expressed chicken WT CaM. Incubation with 10 mM EGTA for 30 min followed by exhaustive dialysis into 50 mM ammonium acetate led to a loss of two Ca 2ϩ . (B) Fluorescence spectra of the converter plus insert͞CaM complex at 10 M in 50 mM Hepes (pH 7), 100 mM NaCl, 1 mM DTT, and 10 M CaCl2, and after addition of either 100 M CaCl2 or 10 mM EGTA show that loss of Ca 2ϩ from the complex led to a blue shift and decrease of the fluorescence. (C) Fluorescence spectra of the MD plus insert͞CaM complex at 10 M in 10 mM Hepes (pH 7.5), 20 mM NaCl, 2 mM DTT, 1 mM NaN3, 2.5 mM MgCl 2, and 100 M MgATP, and after addition of either 100 M CaCl2 or 10 mM EGTA did not lead to a significant change in fluorescence.
bound to each CaM. Representative spectra are shown in Fig. 3A whereas all of the ESI-MS data are summarized in Table 1 .
Beginning with MD plus insert, ESI-MS demonstrated that all of the truncated myosin VI HC complexes bound a single CaM. Mass measurement of the unique species found in solution showed that this complex corresponds to the myosin VI HC with one CaM and four Ca 2ϩ bound. The calcium stoichiometry was confirmed by collision-induced dissociation MS experiments. Increasing the cone voltage to 200 V induces gas phase dissociation of the complex and detection of peaks corresponding to the HC. The mass difference between the so-generated HC and the remaining complex is equal to the mass of one CaM containing four Ca 2ϩ . Furthermore, the peak width of the dissociated HC and the intact complex are similar, which indicates that the CaM is bound with a unique Ca 2ϩ stoichiometry. Most remarkably, incubation of the complex with buffers of extremely high (50-250 mM) EGTA concentrations followed by dialysis in 50 mM ammonium acetate did not dissociate these Ca 2ϩ ions from the complex. We next analyzed the M6-S1 in the absence of added calcium. The predominant population was complexed with two CaM and four calcium although there was also a smaller population with one CaM and four calcium. Thus, consistent with the MD plus insert͞CaM analysis, the insert-CaM on the M6-S1 contained four Ca 2ϩ ions after EGTA incubation whereas the IQ-CaM was in the apo form. We had also noted that the M6-S1 would bind an essential light chain (ELC) that we previously used with myosin V (LC-1sa) (17) whereas MD plus insert would not (data not shown). This result demonstrates that the IQ can bind an ELC but the insert cannot. We analyzed an M6-S1 expressed with CaM and ELC by ESI-MS. The predominate species bound one CaM and one ELC. The complex-bound CaM contained four Ca 2ϩ , even after preincubation in 5 mM EGTA.
Truncations of the MD Alter CaM-Insert Interactions. The fact that we could not dissociate calcium from the insert-bound CaM, even after dialysis in high concentrations of EGTA, suggested that the CaM-binding site might involve elements of the MD in addition to the insert peptide. To address this question, we next used ESI-MS to analyze fragments that contained only the myosin VI converter plus insert, or the converter plus insert plus IQ motif. In the presence of calcium (100 M), both CaM lobes in the converter plus insert͞CaM complex were occupied by Ca 2ϩ (Fig.  3A) . With this construct, high concentrations (10-100 mM) of EGTA were able to dissociate Ca 2ϩ from one of the pairs of lobes of CaM because the predominate complex found in solution had only two Ca 2ϩ bound (Fig. 3A) . With the converter plus insert plus IQ, all lobes of the two CaMs were occupied by Ca (Table 1 ). In conclusion, loss of all of the MD except for the converter allows calcium dissociation from only one lobe of the insert-bound CaM.
To obtain further confirmation of nondissociating calcium from the insert-bound CaM, we took advantage of the intrinsic fluorescence of trp within the insert sequence and the ability of CaM or Ca 2ϩ -CaM to alter the fluorescence. (The MD has one trp, and the insert has three, whereas there are none in CaM. Changes in CaM conformation on a peptide in response to binding or dissociating Ca 2ϩ will shift the emission of the trp residues and͞or enhance or quench fluorescence emission, depending on the effects on local trp environment.) For these experiments we used the MD plus insert͞CaM and the converter plus insert͞CaM. The converter plus insert͞CaM complex demonstrated calcium-sensitive binding, as determined by a 40% decrease in amplitude and shift in the peak emission from 343 nm with Ca 2ϩ to 333 nm in the presence of 10-100 mM EGTA (Fig. 3B) . In contrast, the larger MD plus insert͞CaM complex was insensitive to EGTA or added calcium (Fig. 3C ). Taken together with the ESI-MS data, this result demonstrates that all four Ca 2ϩ ions are bound and do not dissociate from the CaM bound to the insert of the M6-S1 with or without the IQ motif. However, if most of the MD is removed (converter plus insert), then one lobe becomes less constrained and can release and rebind Ca 2ϩ . The other CaM lobe interacts with the insert peptide, and possibly elements of the converter, strongly enough to lock calcium into the lobe.
Finally, in the presence of 1 mM Ca 2ϩ , the insert peptide alone bound CaM with a 29.2 Ϯ 8.6 nM affinity and peptide:CaM Table 1 stoichiometry of 1:1.1 (as monitored by trp fluorescence change produced by adding CaM to the insert peptide). In the absence of calcium, the peptide also bound CaM, but we did not perform a titration experiment to establish the binding affinity, given that the insert-CaM does not release calcium in the intact protein.
. Summary of the ESI-MS and collision-induced dissociation MS experiments performed on various myosin VI constructs describing the mass (Da) of the species found in solution

Calcium Binding to the C-Lobe of CaM Is a Requirement for Binding to
the Insert Sequence. To ascertain whether either the N-or C-terminal lobe of the insert-bound CaM has an absolute requirement for Ca 2ϩ , we expressed M6-S1, MD plus insert, and converter plus insert with mutants of CaM that destroyed Ca 2ϩ -binding at either the N-terminal (E31A; E67A) or Cterminal lobes (E104A; E140A). The C-terminal mutant did not bind to MD plus insert or converter plus insert, as assessed by SDS͞PAGE gels or by ESI-MS. The N-terminal mutant bound to both constructs, and ESI-MS revealed that it had two Ca 2ϩ bound whether or not EGTA was present. Fluorescence measurements on the converter plus insert with the N-terminal CaM mutant gave an emission spectra identical to WT CaM in the presence of EGTA, indicating that the N-terminal lobe loses Ca 2ϩ in that complex.
Similar conclusions were derived from the M6-S1. As shown in the SDS͞PAGE gel of Fig. 2B , overexpression of the Nterminal CaM mutant saturated the two M6-S1 CaM-binding sites whereas overexpression of the C-terminal mutant led to an Ϸ1:1 mix of WT (SF9) and mutant CaM bound to the HC. These results clearly show that calcium binding to the C-terminal lobe of CaM is required for the CaM to bind to the insert if an intact converter is present. Although binding can take place with calcium not bound to the N-terminal lobe, ESI-MS measurements show that, for the constructs with an intact MD, calcium normally occupies all four binding sites on CaM bound to the myosin VI insert.
Fitting the trp titration data produced by binding of the N-terminal mutant CaM to the insert peptide in the presence of 1 mM Ca 2ϩ revealed a dissociation constant of 36.1 Ϯ 17.8 nM affinity and a 1:1.94 peptide:CaM stoichiometry. The unusual stoichiometry likely arises from two different CaMs binding to the peptide by their calcium-bound C-terminal lobes. The somewhat decreased affinity and unusual stoichiometry suggest that, although calcium binding to the amino-terminal lobe is not essential for CaM binding, it does contribute to the free energy of binding to the myosin VI insert. The C-terminal mutant did not give a 1:1 stoichiometry and seemed to bind much more weakly to the insert peptide. Thus, the Ca 2ϩ -bound C-lobe of CaM is binding with higher affinity to the insert peptide than is the N-terminal lobe.
We compared the fluorescence red shift of the Ca 2ϩ -CaM͞ insert peptide complex after incubation in 50 mM EGTA to the fluorescence of the WT and N-terminal mutant CaM͞insert peptide complexes formed either in Ca 2ϩ or EGTA conditions. Addition of EGTA led to a red-shifted emission maximum from 342 to 350 nm. This result indicates a complex that had retained Ca 2ϩ in at least one lobe because it clearly differs from the spectra of the complex formed between apo-CaM and the peptide (whose maximum is 352 nm). This finding suggests that the interaction of the C-lobe of CaM with the insert peptide is sufficient to greatly inhibit the dissociation of the Ca 2ϩ ions from this lobe.
The IQ-Bound CaM. The ESI-MS data on the M6-S1 and converter plus insert plus IQ constructs revealed that a CaM without bound calcium was associated to the IQ motif in the majority of the complexes in EGTA conditions. However, the IQ site was not completely saturated with CaM. We thus created a construct we called M6-long S1 that contained a region (79 aa) of unknown structure that has low probability of being coiled-coil (Ͻ30%). ESI-MS revealed that M6-long S1 bound two CaMs and four Ca 2ϩ ions if exogenous calcium was not added. In this case, there was no detectable loss of CaM from the HC, suggesting that the affinity for the IQ-bound CaM was increased by some part of the C-terminal sequence in the M6-long S1.
ESI-MS data on the M6-S1 and the converter plus insert plus IQ in the presence of calcium revealed an HC population with two CaM and eight bound calcium, but also HC dimers (minor population) with three CaM and 12 bound calcium. This result suggests that at least one lobe of the IQ-CaM can dissociate in the presence of calcium and reassociate, either with the same IQ motif or with an IQ motif of another HC, which gives dimerization. This dimerization did not occur with the M6-long S1 construct, which was a single population of one HC and two CaM at 300 M Ca 2ϩ . This result further suggests that there may be an interaction of the IQ-CaM with elements C-terminal to the IQ motif that alter interactions of the N-terminal lobe of the IQ-CaM.
To characterize the CaM affinity for the IQ motif, the effect of CaM titration on the trp fluorescence of the IQ peptide was determined. In the presence of excess EGTA (0.5 mM), the IQ-peptide was not saturated with CaM, even with 15 M CaM and 2 M peptide. In the presence of calcium (1 mM), the stoichiometry of binding to the IQ peptide was 2 peptides:1 CaM, demonstrating a lack of cooperativity in the two lobes of CaM on either side of the peptide. Moreover, the CaM affinity seemed much weaker than in the case of the insert peptide. This result is consistent with the weak association of CaM with the IQ site in the M6-S1 and converter plus insert plus IQ constructs.
Discussion
The fact that CaM binds to the unique insert in myosin VI between the converter domain and IQ motif was totally unexpected. However, it should be noted that, when porcine myosin VI was first described by Hasson et al. (6) , they speculated that this insert might bind a unique myosin light chain that could serve a regulatory role. This suggestion was later disregarded because the insert sequence does not match that of any known CaM or myosin light chain binding sequences, and expressed functional myosin VI proteins contained only CaM.
This structural interaction of the Ca 2ϩ with the insert-CaM is truly remarkable in that the Ca 2ϩ ions cannot dissociate from either lobe of CaM when an intact MD precedes the insert. With removal of all of the MD elements other than the converter, the N-terminal lobe is free to exchange calcium. This finding implies that there must be direct interactions between the N-terminal lobe of CaM and regions of the MD outside of the converter and perhaps additional ones with the converter itself. Such interactions are not without precedent. For example, in the case of CaM binding to myosin light chain kinase, CaM interactions with regions of the protein outside of the CaM-binding peptide alter the CaM affinity for Ca 2ϩ at both the N-and C-terminal lobes (18) . Because CaM has many different targets in the cell, such tuning of the thresholds and time courses for Ca 2ϩ dissociation by the rest of the protein is physiologically important and allows CaM to play both structural and regulatory roles in the cell.
Saturation of both lobes of the insert-CaM with Ca 2ϩ is necessary for normal myosin VI motor function. Measurements with the N-terminal mutant CaM bound to both CaM sites on myosin VI showed decreased rates of ADP release and motility of myosin VI (12) . In the case of the C-terminal lobe, calcium could not be removed from any of our complexes, and the C-lobe mutant CaM did not form complexes in either bacteria or SF9 cells. Thus, a Ca 2ϩ -bound C-terminal lobe of CaM is absolutely necessary for binding to the insert peptide.
Given that the calcium does not dissociate from the CaM bound to the insert of myosin VI, it is clearly not playing a regulatory role. Rather, we suggest that it is a critical structural component of the converter itself. Its likely role is to reposition the IQ motif so that it points toward the minus end of the actin filament when myosin VI is strongly attached to actin. In fact the cryo-electron microscopy density ascribed to the unusual myosin VI converter by Wells et al. (1) cannot easily be accounted for by the insert alone. It is likely to be comprised of the insert with Ca 2ϩ -CaM bound. The fact that the Ca 2ϩ does not dissociate from either the C-terminal lobe or N-terminal lobe of the insert-bound CaM insures that changing cellular Ca 2ϩ concentrations does not perturb the converter plus insert͞CaM structure.
CaM binding to the IQ motif is not calcium-dependent, and both lobes likely are in the apo form under resting cellular Ca 2ϩ concentrations. Calcium binding to this IQ motif-bound CaM can detach at least one of its lobes in the S1 construct. Previous studies (12, 19) suggest that CaM does not dissociate from dimeric myosin VI, even at high Ca 2ϩ concentrations. Calcium concentrations in the mM range alter the activity of myosin VI and cause uncoupling of the two heads (12) . This effect is due to calcium binding to the N-terminal lobe of CaM. Given the results shown herein, the regulatory site is the N-terminal lobe of the IQ-CaM. The exact nature of the regulation is unclear, but calcium must change the nature and͞or site of the binding of the N-terminal lobe of the IQ-CaM. Further work on the IQ-peptide and sequences C-terminal to the IQ motif are necessary to delineate the mechanism of this regulation.
The IQ peptide revealed relatively weak binding (Ͼ100 nM) to CaM that did not produce a 1:1 stoichiometry, reinforcing the assertion that elements outside of the IQ motif may contribute to CaM binding in the intact protein. This weak binding is somewhat surprising. However, the myosin VI IQ motif does deviate from the consensus sequence (IQxxxRGxxxR͞K) in that the glycine consensus residue is found to be a methionine. Based on previous structures, this result would be predicted to prevent close interaction between the N-terminal lobe of CaM and the IQ peptide (20, 21) . Additionally, there is another methionine in place of the consensus isoleucine. Although a bulky residue is commonly found in essential light chain-binding IQ motifs, this bulky side-chain could weaken the binding of the C-terminal lobe of CaM. The CaM-IQ interaction was greatly strengthened by residues C-terminal to the IQ motif. However, it is a formal possibility that the relatively weak interaction of the IQ motif itself with CaM indicates that it binds some light chain other than CaM in vivo.
It is clear that tissue-purified myosin VI from pig has CaM bound to it (6). What is not clear is whether or not CaM is the only light chain associated with myosin VI. Based on our analysis in this article, only a light chain with four competent EF-hand calcium-binding sites can bind optimally to the unique insert of myosin VI. Thus, the tissue-purified myosin VI must have CaM bound to the insert peptide. The identity of the light chain bound to the IQ motif of myosin VI is less certain, and given that it can bind an ELC as well as CaM, it could be occupied by a different light chain in vivo, perhaps even in a tissue-specific manner. Additional data that we did not show in the article demonstrate that, if one does not coexpress exogenous light chains or CaM in SF9 cells, then the myosin VI that is purified has two endogenous CaMs bound to each head. Thus, in the case of SF9 cells, there is no endogenous light chain that can compete with CaM at either myosin VI binding site.
The sequence that strengthens the CaM-IQ interaction is immediately C-terminal to the IQ motif and has a low probability of forming coiled coil. This sequence is likely to play a fundamental role in the movement of myosin VI. Rock et al. (9) measured the average step size of myosin VI and demonstrated that it is much larger than is possible with a lever arm comprised of a single IQ motif (30 nm vs. 5 nm; see ref. 5 ). Because of the large distribution of step sizes (including positive and negative steps), they postulated that a flexible element allows biased diffusion of the myosin VI head, and that this region of weak coiled coil may contribute to that flexible element. Given that the insert-CaM seems to be locking itself onto the converter, perhaps to redirect movement, the search for a flexible domain within the myosin VI motor must now be focused on the structural elements C-terminal to the IQ motif and the IQ motif itself. This region may contribute to the effective lever arm of myosin VI. If so, it must have regions of high flexibility as compared with the lever arms of other characterized myosin family members.
